WELCOME TO:

WHAT DO YOUR DATA
SAY?

A Course to Help You Better Understand Your
Experimental Data

Instructors: Eric Johnson and Madhav Mani

Course Website

For the Fall 2020 quarter, this course will be offered asynchronously online with twice
weekly virtual office hours.

Course Description

Modern data streams, whether from biomedical research labs, environmental research
teams, or social-media survey projects, are increasingly quantitative and noisy. In this
class, we will teach you to think quantitatively and statistically about your data, so that
you can confidently answer the question "What do my data (actually) say?"

To help you answer this question, we present an approach centered on applying mathematical
and statistical techniques the modern way: with a computer. This course is not a substitute for a
machine learning or statistics class, instead we will give you a framework for performing
parameter estimation, hypothesis testing, and dimensionality reduction in a practical,
computational, and data-justified way. At the end of the course, students will possess a set of
tools that will allow them to attack any quantitative problem, form a conclusions, and assess
their confidence in that conclusion.

If you have not already, please start on the TO-DO list here.


http://www.whatdoyourdatasay.com/

Course Goals

This course is centered on student achievement towards four large learning goals:

Thinking Statistically sating Quantitative Problems

EERENat EN T = AR P21 ] Students will learn to manipulate data into useful
formats, construct precise and meaningful figures that clearly demonstrate a data set's
quantitative features.

Performing Calculations and Simulations? Students will learn to make calculations of novel

quantities and perform in silico experiments while writing easily understandable code.

Thinking Statistically: Students will learn to identify quantitative phenomena, generate
statistical hypotheses, and pose problems in terms of hypothesis tests, while also being able to
identify limitations of their analyses.

Navigating Quantitative Problems: Students will develop problem-solving strategies for
quantitative problems, and will learn to differentiate amongst different strategies in order to
choose optimal solutions.

In focusing this course on explicit learning objectives, we hope to make the intent of all parts of
the curriculum clear to the students. We will continue to invoke this framework throughout the
course, including via curriculum alignment tables, module rubrics, and student self-assessments
to accompany each assignment. The idea here is that we can communicate the intent of all
parts of the curriculum in a way that makes up for the reduction in feedback due to the online
format. Every worksheet, assignment, and set of notes will also contain specific learning
objectives for that piece of content. Examples of such learning objectives are:

e Students will learn to use random numbers in Python to simulate the diffusion of
molecules.

e Students will learn to use vertical and horizontal lines on figures to make meaningful
annotations.

e Students will learn to construct and visualize theoretical and empirical probability
distributions.
Students will learn to use Bayes theorem to generate parameter estimates.
Students will learn to use bootstrapping to calculate confidence intervals for arbitrary
quantities.



e Students will learn to assess the likelihood that two sets of data have the same parent
distribution in a variety of ways.

Prerequisites

There are no formal prerequisites for this course, but prior experience in coding, probability, and
linear algebra will be useful. There is an informal prerequisite that you are interested in
rigorously performing data analysis.

Course Content and Instruction

Course content is divided into four modules and will be distributed in the form of Course Notes
that will be available on Canvas or the Course Website and Lecture Videos that are available
on Panopto. The following link should give access to anyone logged into Panopto with a
Northwestern email address. These Notes and Videos are complementary, not redundant.
Coding practice via Worksheets will accompany each content module. All course content may
be updated or altered at any point, so please make sure to check that you are working with the
most recent versions.

Course instruction may be completely student-paced, although assignments will be due
regularly to keep you on track. We will host 90-minute virtual Office Hours via Zoom. Please
fill out the poll here so that we can pick times that everyone is available. During these office
hours we will field content questions, work through worksheets, debug code, and discuss
assignment solutions. These office hours will be recorded and uploaded to Panopto for those
who cannot attend, but you should try to attend if you have a specific concern you'd like to
address.

We strongly encourage you to make use of Canvas' discussion board for help with material and
coding. We will create themed discussions for each module, but you should feel free to start a
discussion on any course related (or unrelated) topic!

Course Assessments

Similar to an experimental lab course, we hope that the majority of your time in this course will
be spent problem solving: writing code to analyze data. We will assess, or facilitate your
self-assessment of, your performance via several methods:

1. Worksheets: Each module will have several accompanying worksheets, which are
self-contained guided adventures for practicing different concepts and techniques. This is the
primary way in which you will practice the skills in this course before you attempt the
assignments. As such, they are strongly encouraged! If needed, we will dedicate time during
office hours to working on the worksheets, and the code you write for the worksheets will
generally be directly applicable to solving the assignments, so you should always make sure to


https://www.whatdoyourdatasay.com/course-notes-and-videos
https://www.whatdoyourdatasay.com/course-notes-and-videos
https://northwestern.hosted.panopto.com/
https://northwestern.hosted.panopto.com/
https://northwestern.hosted.panopto.com/Panopto/Pages/Sessions/List.aspx?folderID=b9773b78-d04a-4fc9-ae2a-ab8d00f26aa8
https://northwestern.hosted.panopto.com/Panopto/Pages/Sessions/List.aspx?folderID=b9773b78-d04a-4fc9-ae2a-ab8d00f26aa8
https://www.when2meet.com/?9759442-uQeTO
https://www.when2meet.com/?9759442-uQeTO

look them over. However, these worksheets will not be graded. We will do our best to provide
solutions, but this may not be possible at this point - it will be better to start a discussion or bring
it up during office hours.

2. Assignments: Each module will have an assignment that will typically be a longer and more
difficult version of the worksheets. Assignments will consist of two phases: an attempt at the
the assignment and then completion of the assignment. Assignments will comprise 70% of the
final grade, with attempt and completion phases equally weighted. Earlier assignments will
count less towards your grade than those for the later modules.

a. The assignment attempt will be due at the end of the first week of each module. The
attempt should consist of either a Jupyter notebook or a PDF documenting either how
you have solved a specific assignment problem or thoughts on how you plan to solve it.
The central idea behind these two phases is that you are incentivized to plan your time
so that you don't find that you have no idea what's going on the night before the
assignment is due. More details on what constitutes an attempt can be found here.

b. After the attempts have been submitted, we will provide guided hints and useful code
for most of the assignment, which are called the "non-bonus" problems. These will not
generally be outright solutions, and in such cases, you can use this resource to complete
your assignment, referencing whenever you directly use provided code.

c. The completed assignment will then be due a week after the attempt has been
submitted. This completed assignment must be submitted as code and a PDF overview
of your solutions. For more details on how solutions should be structured and submitted,
look here. Completed assignments that contain decent (non-empty, working) solutions to
the non-bonus problems will receive a "B" grade at best, and completing bonus problems
will elevate your grade beyond that. Assignments will be graded according to a
standards-based grading scheme using our overarching course rubric.

3. Self-Assessments: Once completed assignments have been submitted, we will distribute a
complete solution set and will ask you to make a self-assessment of your performance on the
assignment in the form of a Canvas quiz. These will only be graded for completion, and are
provided as a tool for you to develop self-evaluative skills. As you go forward in life you will
rarely have regular formal assessments, and instead you must learn to self evaluate your own
work. These guides are our attempt to help you reflect on the levels of proficiency you have
achieved. Completion of these assessments will comprise 10% of your final grade. For more
info on self-assessments, look here.

4. Midterm: In the middle of the quarter we will have an online midterm examination. The
midterm will focus on conceptual aspects of the course (rather than memorized facts), as well as
some practical skills, such as analyzing figures, debugging code, and making calculations by
hand. The midterm will comprise 20% of your final grade.


http://www.ascd.org/publications/educational_leadership/oct08/vol66/num02/Seven_Reasons_for_Standards-Based_Grading.aspx
http://www.ascd.org/publications/educational_leadership/oct08/vol66/num02/Seven_Reasons_for_Standards-Based_Grading.aspx

Grading and Late Work Policy

As noted, we intend to use a mix of grading strategies that are centered on standards based
assessment of student performance. What this means is that we hope to have the majority of
the assessment based on the overarching course rubric. For the self-assessments, we will
provide more detailed guidance on what constitutes proficient performance on each part of the
assignments. Student performance on attempts and completed assignments will be converted
into a letter grade as indicated here and here, respectively. Self-assessments are free points if
you complete them. The midterm will also be graded according to a more detailed rubric that
we will release after the exam.

The final grade will then be a combination of roughly 70% assignments (35% attempts, 35%
completion), 10% self-assessments, and 20% midterm exam.

We know that the likelihood that students will need to turn in work late is much higher than in the
past, so we promise to be as flexible as possible with requests for extensions. In particular, we
will not be asking why you need an extension. However, in order to allow as many students as
possible to stay on schedule, we may simply remove requested assignments from your final
grade rather than have students turn them in significantly after solutions have been posted. We
ask that you engage with this policy in good faith; we really think this content is good and
practical and we have put a lot of work into making sure that all the parts of this course are
useful for your future studies and research.

Similarly, there is no attendance requirement, which is why we chose to conduct the course
asynchronously. Obviously, we hope that you will participate in office hours or on the
discussion board, but we aren't going to mandate that anyone figure that out right now. We'll do
our best to facilitate the discussion board and to upload recordings of office hours, but if you
ever have a question or concern, you can let us know directly as well via email.

Course Calendar

We hope to adhere to the following schedule, although the exact due dates may change as
needed!
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Module Overview

Module Zero: Python Tutorial

To bring you up to speed, we provide a custom Python tutorial for the course. We have also
enrolled the course in DataCamp. You can find the access link here. The link requires that you
sign in with your u.northwestern.edu email address. If this is an issue, please let us know. At
the end of the tutorial, take the Python assessment quiz, which is a no-grade quiz that will help
you assess if you need more Python practice.

Module One: The Basics

The big idea of this module is that we can visualize data distributionally in our computers and
use theory or simulation to do computation of interesting quantities.

The main questions considered are:

e How to think about data probabilistically?
e How can we represent probabilistic information with a computer?
e How can we make calculations and bring theory to life in our computer?

Topics covered:

Coin Flipping

Theory and code for PDFs, CDFs, and empirical distributions
The Central Limit Theorem

Bayes Theorem

Module Two: Parameter Estimation and Model Fitting

The big idea here is that certain values of model parameters are more consistent with our data
than others, but sometimes our data aren't enough to constrain those parameters very well.

The main questions considered are:

e Given a model, how can we get the most “consistent” parameters with our data?
e How can we measure our “confidence” in those parameter estimates?


https://www.whatdoyourdatasay.com/python
https://www.whatdoyourdatasay.com/python
https://datacamp.com/groups/shared_links/f4e3530cf4be3f4055f6c92b0c7f83b1b5d62429227073770d548be69a487859
https://datacamp.com/groups/shared_links/f4e3530cf4be3f4055f6c92b0c7f83b1b5d62429227073770d548be69a487859

Topics covered:

e Parameter Estimation:
o Maximum Likelihood Estimators
o Maximum A Posteriori Estimators
o Intervals of "Confidence"

e Bootstrapping

e |Least-Squares Regression

e Hyperparameter Estimation

Module Three: Empirical Hypothesis Testing

The big idea here is that we can empirically assess the likelihood that data are consistent with
a model.

The main questions considered are:

e How do | know my data is consistent with a model?
e How can | compare two data sets?

Topics covered:

e Generating, Simulating, and Falsifying Hypotheses Computationally
e Comparing Distributions
e Information Theory

Module Four: Model Selection and Dimensionality Reduction

The big idea here is that we can generate models and differentiate between them in a
data-driven manner.

The main questions considered are:

e How can we find better or worse models within a set of potential models?
e How can we generate models that balance within-sample and out-of-sample accuracy?
e How can we generate intelligible models?

e What even is a better or worse model?

Topics covered:

e Bayesian Model Selection
e Dimensionality Reduction



e Cross-Validation

Module Completion Flowchart

Since there are a few assessment pieces that may be new to some students, we provide the
following to help you plan your studies:
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